Ecosystems, their services, structures and functions are affected by complex environmental processes, which are both natural and human-induced and globally changing. In order to understand how ecosystems behave in globally changing environment, it is important to monitor the current status of ecosystems and their structural and functional changes in time and space. An essential tool allowing monitoring of ecosystems is remote sensing (RS). Many ecosystems variables are being translated into a spectral response recorded by RS instruments. It is however important to understand the complexity and synergies of the key ecosystem variables influencing the reflected signal. This can be achieved by analysing high resolution RS data from multiple sources acquired simultaneously from the same platform. Such a system has been recently built at CzechGlobe -Global Change Research Institute (The Czech Academy of Sciences).
INTRODUCTION

Hyperspectral remote sensing at CzechGlobe
Airborne hyperspectral remote sensing (imaging spectroscopy) is an advanced tool in the field of remote sensing (RS) (Goetz, 2009) . Compared to traditional multispectral sensors, which record the reflected solar radiation in several broad spectral bands, hyperspectral sensors record it into many narrow continuous spectral bands (Schaepman, 2009) . Therefore imaging spectroscopy data provide almost contiguous spectral information about the Earth's surface in the optical domain of the electromagnetic spectra. A typical spectral range covered by hyperspectral sensors spans from the visible and near-infrared (VNIR) bands (i.e. 400 -1000 nm) towards the short-wave infrared (SWIR) bands (i.e. 1000 -2500 nm). Hyperspectal RS therefore brings an enhanced insight into spectral properties of Earth's surfaces. Furthermore, it stimulates a development of new methods for high accuracy Earth surface object detection and quantitative retrieval of surface properties (Kokaly et al., 2009) . Global Change Research Institute -CzechGlobe (CVGZ, Academy of Sciences of the Czech Republic) has been operating the VNIR hyperspectral sensor AISA Eagle (Specim Ltd., Finland) since 2004. In 2014 CzechGlobe has completed a new platform for advanced remote sensing called Flying Laboratory of Imaging Systems (FLIS). This paper introduces FLIS, i.e. an airborne carrier equipped with a suite of hyperspectral sensors and eventually a laser scanner, and further it introduces a pre-processing chain for hyperspectral RS data established at CzechGlobe.
Flying Laboratory of Imaging System (FLIS)
FLIS consists of an airborne carrier, a suite of hyperspectral sensors and eventually an airborne laser scanner. The airborne carrier is a Cessna 208B Grand Caravan with two fuselage slits for imaging RS instruments (see Fig. 1 ). Both slits are equipped with an inertial measurement unit (IMU) and global navigation satellite system (GNSS) receivers POSAV410. Both systems allow near teal-time geo-processing of image data acquired by deployed imaging instruments. The suite of airborne imaging spectroradiometers (hyperspectral system) consist of three sensors produced by the Canadian company ITRES Research Limited. The first sensor, CASI-1500, acquires data in the VNIR region. The second sensor, SASI-600, acquired data in the SWIR region and the last sensor TASI-600 covers the thermal infrared (LWIR) spectral region. Basic technical specifications of the FLIS hyperspectral systems are shown in 
VNIR, SWIR DATA PRE-PROCESSING CHAIN
The chain has been continuously improved by extending it with various processing schemes tailored to the CzechGlobe hyperspectral sensors and to the needs of RS data end-users. If hyperspectral data are acquired for very demanding purposes, excellent calibration and corrections of the raw RS data is required. In this case, it is necessary to carry out a supportive ground measurement campaign, where additional data on surface reflectance, geometric accuracy of selected ground control points and atmospheric conditions are measured simultaneously to RS data acquisition. For other kinds of applications, it is possible to perform standard or simplified data corrections, i.e. by calculating so called apparent reflectance (described below). In the following sections we introduce the basic components of our pre-processing chain, i.e. radiometric, geometric and atmospheric corrections of airborne hyperspectral data and the related software tools and packages. In the Figure 1 are displayed spectral characteristics of both sensors after radiometric and atmospheric correction.
Radiometric correction
Radiometric corrections are performed by means of calibration parameters. Parameters are regularly obtained in CzechGlobe spectroscopic laboratory by procedure recommended by the sensor developer.
Atmospheric correction
Atmospheric correction is applied in order to remove the effect of the atmosphere (i.e., absorption and scattering by atmospheric gases and aerosols) and to convert at-sensor radiance values into at-surface reflectance. Atmospheric corrections are necessary in order to maintain the comparability of hyperspectral datasets acquired by different sensors, in different time and place. Several approaches of atmospheric correction can be employed.
Radiative transfer models:
The most common and standard approach of atmospheric corrections is based on atmospheric radiative transfer models, e.g. MODTRAN or 6S. In our pre-processing chain we use the ATCOR-4 (Richter, 2007) software package for atmospheric corrections, which is based on the MODTRAN5 (Berk, et al., 2008) atmospheric model. Besides the atmospheric correction, ATCOR-4 offers additional corrections of hyperspectral data, such as nadir normalization and BRDF correction. For proper parameterization of the MODTRAN5 radiative transfer model it is necessary to estimate some atmospheric parameters. The atmospheric parameters can be either derived from hyperspectral data itself or measured in-situ. The main advantage of this approach is that it is a universal and robust method, independent of field measurements. The limiting factor of this approach is imperfect knowledge of atmospheric parameters.
Empirical method:
In empirical methods of atmospheric correction, the acquired image spectra are forced to match the in-situ measured reflectance spectra of the reference targets. Most commonly, a simple linear regression is calculated between the image and in-situ spectra. At least one reference target is required to perform an empirical correction, however, more reference targets will increase the accuracy of corrections. The great advantage of this method is that it is simple and fast and it produces accurate solutions for an area close to reference target. The major disadvantage is that field measurements are needed.
Apparent reflectance:
This approach is suitable for those RS applications, where the quality of RS data in not the highest priority. In this approach, an apparent at-sensor reflectance is calculated. It means that atmospheric effects caused by the atmosphere between the aircraft and the ground remain uncorrected. At-sensor apparent reflectance is calculated by dividing at-sensor radiance by incoming downwelling irradiance at the sensor level. The downwelling irradiance is measured by a hemispherical irradiance sensor mounted on the top of an airplane and the irradiance data are recorded simultaneously with the image data. This method is useful for mapping large or distant areas without proper knowledge of atmospheric parameters. 
Atmospheric correction
Radiation measured by the sensor (L m ) is composed of radiation emitted by the surface, ε B(T s ), reflected incoming radiation from the atmosphere, (1 -ε) L↓atm, and direct radiation of the atmosphere, L↑ atm . These components can be written as the equation of radiative transfer:
where τ is the transmittance of the atmosphere, ε is emissivity of the material, B(T s ) is the radiation of black body at a temperature T s , L↓ atm is incoming radiation from the atmosphere and L↑ atm is the radiation of the atmosphere only. 
GEO-REFERENCING
Geo-referencing of our airborne hyperspectral data is performed in two successive steps, direct image geocoding and resampling to a selected coordinate system. Direct image geocoding consists of geometric corrections and orthogonalization of image data. Geometric corrections compensate for image geometric distortions caused by variations in flight path and attitude of the plane (recorded as roll, pitch and heading angles by IMU). Orthogonalization compensates distortion caused by sensor acquisition geometry and surface topography. After the geocoding step the image data are resampled into a grid of a desired coordinate system. Currently the image data are mostly transformed into the UTM map projection. For image geo-referencing we use the PARGE software (Schläpfer, 2006) . Additionally, we also use other sensorspecific software such as CaliGeo for the AISA images and GeoCorr for the ITRES sensors. All software packages require input data from the GNSS/IMU systems (i.e., geographic coordinates, altitude and attitude angles of a plane during the image acquisition) and a digital elevation/surface model (DEM/DSM) for image geo-referencing.
QUALITY ASSESMENT
It is recommended to verify the quality of the atmospheric correction by comparing at-surface reflectance to groundmeasured spectra of selected homogenous, reference targets. Eventually, the measured reference spectra can be used for vicarious calibration. Quality of geo-referencing could be verified by means of Ground Control Points.
